Effective and efficient implementation of intelligent and/or recently emerged networked manufacturing systems require an enterprise level integration. The networked manufacturing offers several advantages in the current competitive atmosphere by way to reduce, by shortening manufacturing cycle time and maintaining the production flexibility thereby achieving several feasible process plans. The first step in this direction is to integrate manufacturing functions such as process planning and scheduling for multi-jobs in a network based manufacturing system. It is difficult to determine a proper plan that meets conflicting objectives simultaneously. This paper describes a mobile-agent based negotiation approach to integrate manufacturing functions in a distributed manner; and its fundamental framework and functions are presented. Moreover, ontology has been constructed by using the Protégé software which possesses the flexibility to convert knowledge into Extensible Markup Language (XML) schema of Web Ontology Language (OWL) documents. The generated XML schemas have been used to transfer information throughout the manufacturing network for the intelligent interoperable integration of product data models and manufacturing resources. To validate the feasibility of the proposed approach, an illustrative example along with varied production environments that includes production demand fluctuations is presented and compared the proposed approach performance and its effectiveness with evolutionary algorithm based Hybrid Dynamic-DNA (HD-DNA) algorithm. The results show that the proposed scheme is very effective and reasonably acceptable for integration of manufacturing functions.
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Introduction
Global competition renders adequate return on investment only to those who can provide innovative and intricate products having high quality, with less process iterations and more cost competitiveness. The existing manufacturing systems cannot adequately conform to these requirements because of their deterministic approach to decision-making in an uncertain environment. In order to respond to rapidly changing environment and to obtain high product variety and short product life cycles, a shift of the manufacturing paradigm from deterministic to a dynamic adaptive control of a manufacturing system is indispensable. Several next generation manufacturing systems are emerging, such as the Bionic manufacturing system (Okino, 1993; Ueda, 1993) , the Fractal factory (Warnecke, 1993) , Holonic manufacturing system Valckenaers et al. (1994) , and Distributed manufacturing systems (Peklenik & Jerele, 1992) , that are adaptable to environmental changes, particularly when market demands cause frequent turbulent fluctuations. Over the past few years much research and study (Rosenau, 1996; Wang, 1997; Wilde & Briscoe, 2011) , have proven that distributed manufacturing system enables the enterprises to enhance the flexibility and re-configurability for achieving better quality and cost effective manufacturing strategies. Recently emerged networked manufacturing or network based manufacturing paradigm is one such distributed manufacturing system which can support the above mentioned requirements and their functionalities.
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Networked manufacturing enables the circulation and integration of information and knowledge from product design to manufacturing and enables resource sharing between geographically distributed enterprises, thus endowing enterprises with the ability to quickly respond to the market (Yan, 2000) . In networked manufacturing, the mode of production has been changed from maketo-stock to make-to-order, in which the active participation of customers submitting jobs to the manufacturing system is emphasized. The concept of improving productivity and competition of delivery times between different manufacturing jobs is becoming a focal point for enterprises to survive in the current global market. In order to achieve them, obtaining an optimal or near optimal process plans for manufacturing multiple jobs is becoming a critical problem.
Process planning specifies which tasks (operations, controls, transports and stores), their interdependence and the resources to perform them. The scheduling is the allocation of resources in the shop over a planning horizon to manufacture the various parts (Zhang, Saravanan, & Fuh, 2003) . Optimality of process plan and production schedule often conflict under traditional planning methods. In the traditional manufacturing system, the manufacturing functions were carried out in a sequential manner, where scheduling was done after process plans had been generated. Therefore, it is possible that the process plans generated were not optimal from scheduling point of view (Bratoukhine, Sauter, Peschke, Luder, & Klostermeyer, 2003; Cheng, Proctor, Michaloski, & Shackleford, 2001; Wada & Okada, 2002) . The difficulties in traditional manufacturing approach and the obstacles to improve the productivity and responsiveness of the manufacturing systems have been clearly stated (Saygin & Kilic, 1999) .
To overcome the above mentioned problems in traditional manufacturing approach, integration methods have been proposed to resolve the dilemmas in manufacturing functions. In Chryssolouris and Chan (1985) and Chryssolouris, Chan, and Cobb (1984) , the basic idea of process planning and production scheduling has been introduced. Till date many methods and approaches have been developed for improving the flexibility of the integration approach on manufacturing systems for obtaining better performance of the system (Manupati, Sujay, Cheikhrouhou, & Tiwari, 2012) . In recent years, much attention toward agent/multi-agent based approach has been shown by many researchers for integrating the manufacturing functions, particularly in distributed environment. ''Agent can be defined as a system encapsulating software that communicates and collaborates with other software systems to resolve the complex problems that are beyond the capability of each individual software system" (Wang, Shen, & Hao, 2006) . In Li and Chaoyong (2010) , authors have provided a detailed literature review on Integration of Process Planning and Scheduling (IPPS), particularly on agent based approach and its advantages over distributed manufacturing systems. A comparative study has proved that agent/multi-agent systems are well suited for dynamic manufacturing scheduling due to their flexibility, modularity, autonomy, robustness and heterogeneity (Ouelhadj & Petrovic, 2009 ).
The mobile agent based approach in a distributed manufacturing environment (Meng, Ren, Cao, & You, 2011) is different from the above mentioned agent and multi-agent systems. In addition to having all the features of agent and multi-agent systems, it also has some additional characteristics such as mobility which helps to transport the messages throughout the network (Meng et al., 2011) . Thus, the mobile agent has leverage over other classes of agents and its approach can be effectively deployed to execute new control algorithms for performing tasks of any sub system in a network (Nestinger, Chen, & Cheng, 2010 ). Lange and Oshima (1998) revealed several distinctive reasons by using a mobile agent approach and also found its ability to travel through the network; hence it reduces the network load, overcomes network latency, increases the ability to encapsulate protocols and executes asynchronously and autonomously. Developing negotiation procedure based contract net protocol has been a pioneering work in the area of distributed manufacturing systems which can enhance the information exchange between autonomous agents (Smith, 1980; Smith & Davis, 1981) . Different negotiation mechanisms (Baker, 1991; Butler & Ohtsubo, 1992; Lin & Solberg, 1992) , have been developed to enhance the efficient flow of information to pursue the system goals. However, from the summary of findings, we have concluded that there is still a need for an efficient negotiation mechanism which can maintain the standard for communication among the agents.
In the present research, we have first developed a mathematical model along with constraints and then presented a framework of mobile-agent based negotiation schemes for integrating process planning and scheduling in a networked based manufacturing environment. An illustrative example along with complex scenarios is presented to demonstrate the effectiveness of the proposed method. Moreover, with an evolutionary algorithm based effective hybrid DNA algorithm (Manupati et al., 2012 ) the results has been compared. Results show that the proposed approach performed significantly good.
In Section 2, we have provided the detailed description of a problem and its basic assumptions, later we also developed a mathematical model along with the constraints. In Section 3, we presented a framework of mobile agent based negotiation scheme to integrate the process planning and scheduling functions. Section 4 explains the mapping of negotiation based schedule scheme. The experimentation with an illustrative example having different complex scenarios is illustrated and the results are presented in Section 5. In Section 6, the results and their discussions are detailed. Finally, conclusions are drawn and future work delineated.
Multi-objective problem description
We consider a series of jobs ordered by different customers and denote it by n. Each job out of series of jobs has its alternative process plans for efficient use of production resources which leads to better delivery schedules. Here, each process plan contains series of sequential operations where each operation corresponds to set of alternative machines. In broad sense, each operation has its alternative process plans. However, in networked manufacturing environment, the number of machines related to jobs are geographically distributed to perform different operations on the jobs. The above mentioned problem is further extended by increasing the number of products with inclusion of product mix and production demand fluctuations. This extension in the problem leads to much larger search space and thus the problem becomes complex to solve. Finding out the optimal/near optimal solutions from such a huge search space in a reasonable environment is quite difficult. Networked manufacturing has flexibility to integrate with distributed manufacturing tools (agent/multi/mobile agents) to generate the feasible process plans.
In order to satisfy the above mentioned problem and its objective function effectively and efficiently, several assumptions and constraints are described as follows: (1) job pre-emption is not allowed; (2) a job cannot be processed on a machine until its predecessor job gets finished; (3) each machine can handle only one job at a time; (4) transportation time of the machines is considered. Where the manufacturing system is designed in such a way that after an immediate completion of the operation of a job on a machine, it is immediately transported to the succeeding machine on its process; (5) it is considered that all the jobs and machines are simultaneously available at time zero.
Mathematical formulation of the problem
From the literature, it is evident that determination of a feasible plan that meets both objectives such as minimization of makespan and maximization of machine utilization simultaneously is a difficult task and inclusion of product mix with production demand fluctuations has not been fully addressed, especially from integration of process planning and scheduling point of view.
Parameters N total number of jobs K total number of machines G j the total number of alternative process plans of job j U jop the oth operation in the pth alternative process plan of job j Q jp the number of operation in the pth alternative process plan of the job j Tj makespan of jth job from the set of possible process plans Prt jopm the processing time of the operation U jop on machine m Trt transportation time M any machine V the maximal number of generations W number of generation for job scheduling game
starting time of operation jth job and pth process plan and oth operation on machine1 (one of the machines on which oth operation of pth process plan of jth job is done)
transporting time for jth job and pth process plan from machine1 to machine2 wt(j, o, p, m)
Waiting time of operation jth job and pth process plan and oth operation on machine f(j, t) fitness function for each individual in the population A a very large positive number C j the completion time of job j C jopm the earliest completion time of operation U jop on machine m Pt processing time
Decision variables X jp 1 the pth flexible process plan of job j is selected 0 otherwise Y jopQrsm 1 the operation U jop precedes the operation U Qrs on machine m 0 otherwise Z jopm 1 if machine m is selected for U jop 0 otherwise
Objectives:
Targeting this problem, makespan minimization and maximization of machine utilization are the two objectives to be considered during simulation based optimization. These objectives can be formulated using following equations:
Maximization of machine utilization mu ¼
where mpt k represents the total processing time of the kth machine, and mct k is the ending time of processing of the kth machine i.e. the time at which the last operation is finished on kth machine. mst k is the starting time of kth machine.
Subject to constraints:
The first operation in the alternative process plan p of job j is indicated as
The last operation in the alternative process plan p of job j is indicated as
Different processes for a job expressing different operations that are unable to be processed simultaneously.
Each machine can only process one operation at a time this can be expressed as a constraint for the machine.
C jopm À C Qrst þ AY jopQrsm P Pt jopm j; Q 2 ½1; N; r 2 ½1; Q jprs ; o; p; S 2 ½1; G j;p ; m 2 ½1; K
One alternative process plan can be selected for each job
Only one machine should be selected for each operation
The objective of this problem is mainly to focus on scheduling the jobs so as to minimize the maximum of their completion times, i.e., makespan as mentioned in Eq. (1); and to maximize the machine utilization which is mentioned in Eq. (2). The constraints are in Eqs. (3)-(8). Eq. (5) indicates different processes for a job expressing different operations that are unable to be processed simultaneously. Eq. (6) expresses the machine constraint where each machine can process only one operation at a time. Consequently, Eq. (7) ensures that for each job one alternative process plan should be selected. Subsequently, Eq. (8) indicates that only one machine should be selected for each operation. However, it is difficult to find the perfect solutions in a reasonable time for large scale problems. The proposed problem is not only NP-hard it also has the well-earned reputation of being one of the most computationally complex problems considered to date. Thus, we adopt a mobile-agent based solution approach to solve this problem.
Framework of the proposed mobile agent based negotiation scheme
Today's intelligent manufacturing systems contain machines with built in intelligence and decision making capabilities. They have the ability to satisfy the manufacturer's needs more effectively by producing small lot sizes with high flexibility that require quick and automated decisions. It is evident from the literature that conventional approaches are not suitable for autonomous machines. In order to respond to the aforementioned challenges and issues, it is imperative to design an approach which can meet the requirements in the present era of manufacturing. Therefore, in this paper, we have presented a mobile agent based negotiation mechanism and its integration with manufacturing functions to enhance the productivity of the system. Agent based system developers and researchers establish a standard set of building blocks, to establish the coherence among agent based systems. The multi agent system building blocks along with their definitions are listed in Sturm, Dori, and Shehory (2010) .
Contrary to the traditional classic message passing based negotiation, the proposed mobile-agent based negotiation scheme has several great advantages (Lange & Oshima, 1998) . Fig. 1 shows the proposed scheme, where, creation, execution and disposal of agents are possible; this approach also has the ability to reduce the complexity of exchanging huge number of messages among agents. Moreover, it can adapt dynamically corresponding to the changing environment can also combine with the other systems without any difficulty.
We detail the analysis of the scheme and its communication among different types of agents (shop manager agent, project manager, task agent, resource agent, etc.), their activities, functional components and the protocols used in this research work have been described in the following sections.
Shop manager
The shop manager encapsulates three types of functional modules: knowledge manager, negotiation scheduler, and task agent creator; required for initializing the negotiation process. In agent-based manufacturing process planning and scheduling systems, bidding-based approaches or market like approaches are commonly used. In this paper, we have assumed a situation of resource-oriented bidding mechanism whose machine control agents generate bids based on the resource capability of number of part orders (Baker, 1991; Butler & Ohtsubo, 1992) . The process starts with submission of jobs by various customers whose data i.e., number of jobs, operations to be performed for each job, process plans, processing time for performing each operation, etc., has been stored in a shop database.
Upon arrival of jobs, the knowledge manager registers all the resources in the shop database and reports the information to the negotiation scheduler agent whenever required. With this provided information, the negotiation scheduler generates a schedule for the initialization process for further negotiation. Due to several concurrent events and their distribution in nature, the functions in shop manager agent can be recognized as one of the complicated tasks.
Project manager
The project manager encapsulates knowledge about the tasks i.e., details of the problem, goal of the negotiation, etc. when a negotiation process is initialized according to its schedule. To deal with the above mentioned task, the project manager creates a taskagent which has two functional modules namely mobile agent and bid evaluator. According to the information obtained by the project manager, the task agent manages one negotiation process at a time. The execution and completion of this negotiation process is achieved by the creation and destruction of one task agent. The task agent creates mobile agents which have a routing schedule and capability to travel through remote systems in the network without any difficulty. In particular, for problem solving, the mobile agent inspects the status of the corresponding resource through the bid generator of the preprocessing stage. The bid generator module generates a bid for a given task according to the given bidding policy. In case of scheduling problem the status of the resources and their availability for performing the tasks is maintained. Thereafter, the generated bids are filtered by preprocessing module for efficient performance of the negotiation. After pre-evaluation, the mobile agent travels toward the resource agent with the generated bids according to the routing schedule.
Machine/resource agent
The resource/machine agent plays a major role in enhancing the performance of a shop floor. In the present problem, the machines are distributed geographically to perform different operations of the task agent. The information of pre-assigned process plans, status of the resources, buffer capacity, etc. are stored in a resource database. A common database (XML based) format using ontology has been designed for the transfer of information and knowledge between functional modules in the proposed scheme. Moreover, the machine agent receives the awarding messages (bids) from the mobile agent and in response the resource agent communicates the task acceptance message to the mobile agent.
In the proposed negotiation scheme, only the task agent is concerned about the negotiation process whereas the resource agent concentrates on providing necessary information to the part agent. In case of machine failures due to tool break, motor failure, etc., the tasks scheduled at the failed machines will have to be re-routed. This can be achieved through resource agent by sending the resource fault message to the manager who reschedules and cancels the tasks with the help of the ontology knowledge based on its perusal. However, the bid evaluator checks the collected bids that are reported by the mobile agent, and selects the best bid according to the given evaluation policy. Moreover, it makes the task offer and sends the awarding message to the mobile-agent that proposes the selected bid. Mobile agent collects the awarding messages and sends the acceptance message to the task agent. As soon as the task agent receives the acceptance information, it gets destroyed.
Negotiation process
Considering the above described problem, a negotiation based schedule scheme is presented and developed to realize the effectiveness of different performance measures. A logical framework of the negotiation schedule whose process is broadly divided into the following three phases: (4.1) Initialization phase, (4.2) Routing phase and (4.3) Awarding phase.
Initialization phase
The scheduling process starts with the initialization phase and it has been illustrated in Fig. 2 ; here the shop manager checks whether all the resource agents are participating in the ongoing negotiation process or not. After confirmation of their involvement, the shop manager creates a new task agent to initiate the negotiation process for a given task and registers the relevant resources to the shop floor database. Suppose, some resource agents are not active and they are not willing to participate in the negotiation process, the shop manager creates a new task agent and prepares for another negotiation process. However, the initialization phase ends with the creation of the mobile agents which process the negotiation submitted by the shop manager.
In Lin and Harding (2007) , Uschold and Grueninger (1996) , and Christley, Xiang, and Madey (2004), researchers defined the purpose of ontology as ''an entity, attribute and relationship among knowledge concepts within a specific domain using explicit descriptions and specifications that present an interoperable format which can understand by different kinds of systems there by realizing knowledge sharing and reuse". Web Ontology Language (OWL) based ontology in has been used for agent based simulation framework and present the formalities of using OWL's automated reasoning capabilities (Christensen, Curbera, Meredith, & Weerawarana, 2001) . It is based on the postulate that an ontological model may be considered as a facilitator for interoperating all application softwares that can share the information during coordination by Panetto, Dassisti, and Tursi (2012) .
We adopt Protégé (version 4.2) as a tool for developing ontologies to identify different kinds of manufacturing knowledge. (W3C) standard semantic markup language for publishing, sharing and re-use of semantic data on the World Wide Web. Therefore, it is quite possible to transfer the ontologies to other information models through semantic relationship. The generation of XML file and its generation from ontology are shown in Fig. 3 . The XML based information representation enables the system to be effectively adaptable to meet the emerging web technology. However, one can found the more detailed information about XML files and their development with ontology in Zhou, Xiao, Jiang, and Huang (2010) .
Routing phase
In routing phase, the mobile agents travel across the resource agents to collect the bids. Consequently, it collects the information about the resource agents for further generating the bids. Thereafter, the mobile agent returns back to the task agent and provides the information of the collected bids from the resource agents to make a list of data. Later, the mobile agents generate a bid according to the given policy of negotiation and filters out the appropriate bid by pre-evaluation. The completed list of bids is reported to the Fig. 3 . Ontology generated input data XML scheme. task-agent. The entire process in a routing phase is shown with a simplified flowchart in Fig. 4. 
Selection of an input array
In order to initiate the mobile agent based negotiation process, we have to pass an array as an input parameter. The average time in the system is the average difference between starting time and completion time. Here, starting time is taken as zero as all the jobs are available at time t = 0. Average waiting time is the average of waiting time for all the operations. The format of the array is shown in Fig. 5 .
In Fig. 5 , the first row contains the type of job and the second row contains the quantity of the job type in respective column. For example, in first column the job type is 2 and its first quantity of job type 2. In column four, the job type is 2 and it's the second quantity of the job type 2. The equation in the row is very critical to obtain the near optimal solution. In order to obtain better solutions and for improving the input array, we have used a roulette wheel selection process to direct the proportion-based selection method. Based on the probability of a score value of each job type the decision of whether it is selected or not for a specific position has been decided. The roulette wheel is rotated 60 times which is equal to the total number of jobs in the experiment 1 and experiment 2, similarly 80 times in experiment 3 respectively. In order to find the score of each job type, we use the best completion time, worst completion time, average waiting time per operation (awtp), average number of operations and quantity. Best/worst completion time is the least/maximum time required to complete the processing of a job when there is only one job in the system, respectively. Best/worst completion time includes processing time (pt) and transportation time (tt) but no waiting time (wt). Each process plan contains different number of operations. Any job entering the system does not know which process plan it will have to follow, thus we have designed a score based decision. Before presenting our main result, we first establish lemma on the score based decision. Lemma 1. The score value for the ith job that satisfies the following equations:
ScoreðiÞ ¼ ðpt þ tt þ wtÞ Ã quantityleftðiÞ where pt + tt = (best completion time + worst completion time)/2, wt = number of operation ⁄ awtp.
Quantity left of the ith job is the total quantity of the ith job to be processed minus the quantity of the ith job included in the sequence at a point.
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Mobile agent . Travels and collects information from resource agents . Pre-processing . Submits task information Proof. Since total completion time (pt + tt + wt) is the essential parameter for prioritizing the jobs in the input array. While deciding the sequence of the job to be fed in the manufacturing setup, we calculate the score dynamically. Now for each of the jobs j e {1, . . . , n}, some quantity has been left over at any point of time.
Thus, we have two deciding parameters for selecting a job. Giving equation weight age to each of these parameters, the score is calculated as the product of processing time and Quantity left. Thus maximum the value of score, maximum is the probability of accepting the job. h
We have realised that if high score job were not given preference over others then i. The quantity of all the other jobs was converted to the finished products. ii. The makespan was increasing due to 1-2 incomplete second priority job. iii. The complete manufacturing setup containing 6-8 machines was being under utilized by processing only 1-2 incomplete second priority job.
By giving preference to the high score jobs, we avoid high makespan and low capacity utilization. 
Awarding phase
In this stage, task agent evaluates the bids received from the mobile agents and selects the best bids that are determined to be most appropriate for further communication. The selected best bids are communicated to the resource agents through an award message. The resource agents read the information in the awarding messages; those resource agents which are capable and appropriate to execute the concerned task can send their acceptance messages to the task agent. Otherwise, according to the resource agent's capacity, the information in the task agent can be revised. Thus, with that modified information the same process discussed above repeats. We have clearly shown the entire process i.e., selection, execution and destruction of the messages in the form of framework in Fig. 6 .
The selected resource agents assume responsibility for execution of the awarding task, and send the acceptance message to the task agent. And finally, the task agent destroys itself after receiving the execution message and the negotiation process is completed.
Experimentation
The proposed framework and its approach have been implemented in a simulated manufacturing system and Matlab software has been used for effective execution. In this section, we present three illustrative examples proposed by Shao, Li, Gao, and Zhang (2009) and Zhou et al. (2010) , and their detailed description is clearly stated in Manupati et al. (2012) . Consequently, these problems are extended by varying the product demands with different product mix. Table 1 presents the setting of the production demand fluctuations in which nine terms of production are used, in each term the product mix is set differently. Thus, the search space becomes much larger than the bench mark problem. Therefore, we have adopted a mobile agent based simulation approach for solving the above proposed problem and also to confirm the effectiveness of negotiation scheme.
The results of the multi-objective problem, i.e., the average maximum completion time of the job (makespan), and the average machine utilization for all the nine terms of various production environments have been illustrated in Figs. 7 and 8. To get confident conclusions, every problem was solved an average of 20 simulation results with proposed agent based simulation approach and the results are portrayed as Gantt charts and bar charts. As shown in Fig. 7(a)-(c) , it can be observed from the Gantt chart that the average time taken to complete all the jobs (makespan) for term (1-3) is 276, 282, and 285 min respectively. A situation similar to the aforementioned incremental average completion time (i.e., 1005, 1021, 1025 min and 320, 328, and 334 min respectively) is observed in Fig. 7(d) -(f) and (g)-(i) of terms (4-9). It is clear from the figures that for different experimental settings as the demand fluctuations are rapid, the time taken to complete the simulation runs for all the jobs got increased.
To make our problem more interesting and to capture the real time environment, in addition to the above mentioned objective we have also considered maximization of machine utilization as one more objective function. Simulations performed with the same method on the above mentioned experimental settings revealed its consistency. In Fig. 8 , the machines and their average percentage of utilization for all the nine terms have been shown.
Results and discussion
In this section, we discuss and analyze the results are obtained during our experiments with the mobile agent approach. In Section 2, we have shown the mathematical model of the concerned objectives i.e., makespan and machine utilization with respect to the constraints. The most dominant and domainindependent tool to develop ontology, Protégé (version 4.2) is used here for storing the heterogeneous information (e.g., resource and task agent databases) and to convert it into the XML files. Later, we install the XML tool in Matlab software to read various XML files. In order to conduct simulation tests on different experimental settings, we have shown that the mobile agent frame work can be interfaced with Matlab software and the problems are tested on Intel Ò Core TM 2 Duo CPU T7250 @2.00 GHz, 1.99 GB of RAM. The experimental results indicate that the proposed approach is effective and acceptable for the problem. An average of 20 simulationruns for all the nine trails of the three complex cases were conducted. It clearly appears from the Gantt charts of Figs. 7 and 8 that the performance measures have shown their consistent results. A snapshot of the simulation results of the mobile agent scheme is illustrated in Fig. 9 . At the right corner of Fig. 9 , the colored graph represents the jobs' completion time with their respective assigned machines. In the middle portion, output of the simulation results of one job has been displayed. The results of all the nine terms is shown in Table 2 . The comparison results of various performance measures of the proposed approach with evolutionary algorithm based Hybrid-DNA algorithm has been conducted and it is shown in Table 3 .
From Table 3 , it can be observed that the proposed approach significantly performs well and its results found are very effective and reasonably acceptable for integration of manufacturing functions.
Conclusion
This paper presents a framework of mobile-agent based system for integrating the contrasting functions of process planning and scheduling in the context of networked manufacturing environment. In general, networked manufacturing problems were adopted from literature; their extension with varying product demands and the corresponding production mix have been presented. It is a challenging task to handle such a huge search space along with diversified information. Therefore, we developed a mathematical model to analyze different performance measures such as makespan and machine utilization of the system.
Owing to the complexity of the problem and in order to realize the proper decisions resulting from interactions between the agents, this paper proposes a negotiation protocol to improve the efficiency and effectiveness of the coordination processes in a mobile agent system. Moreover, ontologies for data formalization and sharing among the distributed agents have been implemented. It enables the consistent flow of data from the diversified resources and offers mature tools like OWL for generating the XML files to ease the integration. Thus, the interoperability between different agents can be achieved. To verify the feasibility of the proposed model, agent based simulation analysis has been conducted on different experimental settings. Later, comparisons has been made with effective evolutionary algorithm developed by authors them self to prove the proposed approach consistency. Results confirm that the proposed mobile agent based approach to integrate manufacturing functions for various experimental treatments have shown its consistency. The approach developed in this work is likely to pave a new way of improving the developments in the future networked manufacturing systems. In the future work, we also plan to experiment with ontology and mobile agent approach in industrial settings to further establish benefits to the manufacturer.
